Assessment of the levels of nitric oxide (NO) Assessment of the levels of nitric oxide (NO) Assessment of the levels of nitric oxide (NO) Assessment of the levels of nitric oxide (NO) Assessment of the levels of nitric oxide (NO) and cytokines (IL  and cytokines (IL  and cytokines (IL  and cytokines (IL  and cytokines (IL-5, IL  -5, IL  -5, IL  -5, IL  -5, IL-6, IL  -6, IL  -6, IL  -6, IL  -6, IL-13, TNF  -13, TNF  -13, TNF  -13, TNF  -13, TNF, IFN-gamma) , IFN-gamma) , IFN-gamma) , IFN-gamma) , IFN-gamma) in in in in in giardiosis giardiosis giardiosis giardiosis giardiosis
Introduction Introduction Introduction Introduction Introduction
Parasitic invasions may trigger local or systemic inflammatory processes caused both by parasitic antigens and exotoxins [1, 2] . Antibody-dependent cell cytotoxicity (ADCC), with eosinophils as the effector cells, is the major mechanism of antiparasitic defense. The antibody-dependent antiparasitic immunity involves a few mechanisms that cause blockage of the receptors on the parasite surface, induce direct damage of the parasite through activation of the complement system, or increase IgE production.
Jimenez et al. [3] , who studied the effect of excretory and secretory antigens of G. intestinalis, observed an increase in total IgE level as well as systemic and local stimulation of IgA secretion. Earlier, Zhou et al. [4] had found IgA to play an important part in G. intestinalis invasion [5] . IL-6, which is involved in the immune response, inflammatory reaction and hemopoiesis, and stimulates the acute phase of protein synthesis, one of the factors that regulate defense mechanisms. In the course of giardiosis in mice, an increase was observed in IL-6 and in the production of IFN-g by CD4 + lymphocytes [6] . Some authors have suggested that in response to Giardia antigen, T cells release no lymphocytes-specific cytokines, whereas mast cells release cell mediators, prostaglandins and kinin proteinase [7] . Sometimes giardiosis is asymptomatic (carrier state), whereas high invasiveness of G. intestinalis has been shown to occur in the case of IgG and IgA deficiency [2, 8] . Apart from IL-6, IL-5 also contributes to a humoral response. This cytokine is produced by Th2 lymphocytes, and takes part in growth induction and differentiation of B-and T-cells. IL-5 stimulates the proliferation and differentiation of eosinophil precursors, stimulates their degranulation and production of reactive oxygen compounds. It exerts a chemotactic effect on eosinophils and induces eosinophilia [9, 10] . Another cytokine secreted by Th2 lymphocytes is IL-13, which by augmenting proliferation of activated B-cells exerts an effect on monocytes and B lymphocytes. Its major physiological role is to regulate antiparasitic response. It inhibits antibody-dependent cytotoxicity and secretion of proinflammatory cytokines (TNF, IL-1, IL-6 and IL-8) [11] .
TNF (secreted by macrophages) and IFN-g (secreted by T-and NKT-cells) contribute to the increased expression of inducible nitric oxide synthase (iNOS) in, for example, vascular endothelial cells. IFN-g, TNF and IL-1 induce NO generation in macrophages. Nitric oxide is a product of L-arginine metabolism and is one of the oxygen-independent toxins. NO regulates the immune response and is responsible for macrophage cytotoxicity [12] .
G. intestinalis is removed from the alimentary tract by antibodies that bind with the parasite surface antigens. The released inflammatory mediators lead to parasite damage, accelerate intestinal peristalsis, and facilitate parasite eradication by the production of mucus in the intestine, which is indispensable for parasite removal [13] . The current study aimed to determine the involvement of humoral and cellular responses in combating G. intestinalis invasion. The humoral response was assessed by determining the levels of IL-5, IL-6 and IL-13, whereas the cellular response was evaluated by measuring IFN-g and TNF.
The study objective was to find out: 1. whether G. intestinalis infection affects the parameters studied, and 2. whether the antiparasitic treatment applied changed the immune response.
Material and methods Material and methods Material and methods Material and methods Material and methods
The study involved 62 patients (aged 18-72 years) infected with Giardia intestinalis, 44 women and 18 men (G1). The patients were hospitalized in III Department of Internal Diseases and Gastroenterology at the J. Sniadecki Provincial Hospital in Bialystok. Giardiosis was diagnosed based on the clinical picture (acute abdominal pains, diarrhea, reduction of strength, sub-febrile temperature) parasitological examination of feces, enzyme immunoassay of feces for detection of specific protein GSA-65 (Wampol Giardia II, TECHLAB, USA) and microscopic examination of duodenal contents. The patients were treated with metronidazole (c. ten days), tinidazole (two days), cholagogues (cholestil, cholamide) and bioregulators of physiological intestinal flora (lakcid). Blood for analysis was collected prior to treatment (subgroup G1) and two weeks after antiparasitic treatment (subgroup G2: 25 patients, 16 women and nine men). The effectiveness of anti-parasitic treatment was assessed by determining titers of GSA-65 protein in the feces and by testing the bile for trophozoites. The control group (C) consisted of 40 healthy subjects (aged 20-45 years), 22 women and 18 men. All the parameters examined in the study group and the control group with regard to age and gender were subjected to statistical analysis.
According to the Guidelines for Good Clinical Practice, all the patients gave consent for participation in the study. The study was approved by the Bioethics Committee, Medical University of Bialystok.
The serum levels of IL-5, IL-6 and IL-13, TNF and IFN-g were determined by the ELISA method using a Quantikine human kit (R&D Systems, USA). The level of NO in the sera was determined by the calorimetric method using a Total Nitric Oxide Assay kit (R&D Systems, USA).
The results were subjected to statistical analysis using the Statistica 8.0 program. The t-Student test was used to calculate the features consistent with normal distribution.
R R R R Results esults esults esults esults
Our study revealed that in patients infected with G. intestinalis (G1), the mean levels of IL-5 and IL-6 were statistically significantly lower than those observed in healthy subjects (p < 0.05) ( Table 1) . After antiparasitic treatment (G2), the mean level of IL-5 was increased, but was not as high as in the control group (C) ( Table 1) . However, the level of IL-6 in patients after treatment (G2) was found to increase statistically significantly compared to subgroup G1 and group C (Table 1) . For both the study and the control groups, the leukocyte and eosinophil count was found to be within the normal range (data not shown).
In patients infected with G. intestinalis (G1), the mean level of IL-13 was six times higher than the value obtained in healthy subjects (group C) (p < 0.001). After the antiparasitic treatment (G2), the value still remained the same as in subgroup G1 ( Table 1) .
The mean level of TNF in patients infected with G. intestinalis (G1) was similar to that observed in subgroup G2 (after antiparasitic treatment). Although the values obtained in these two subgroups were twice as high as in the control group, the differences were not statistically significant (Table 1) .
In patients infected with G. intestinalis (G1), the mean level of IFN-g was more than three times higher than that noted in healthy subjects (group C).
Following the antiparasitic treatment (G2) the level of IFN-g was decreased as compared to the value observed in subgroup G1, although the difference between G1 and G2 was not statistically significant ( Table 1) .
The mean level of nitric oxide in patients infected with G. intestinalis (G1) was statistically significantly higher than the value obtained in the control group (p < 0.001). The antiparasitic treatment (G2) caused its increase, although the difference was not statistically significant as compared to G1 (Table 1) G. intestinalis may impair the immune response of the host organism, something which has been documented in animal models [5] . In humans, infection with this parasite causes a reduction in the levels of class IgG and IgA antibodies. The immune reaction in G. intestinalis invasion consists in the production of antibodies and release of inflammatory mediators that lead to parasite damage. IgA plays a major role as it contributes to the elimination of this parasite from the alimentary tract. TNF and IL-1 (products of nonspecific inflammatory reaction) cause stimulation of goblet cells and production of mucus which facilitates removal of dead parasites [2, 13] .
Apart from antibodies, the mechanisms that lead to inactivation and death of parasites also involve nitric oxide. NO is generated in the reaction initiated by nitric oxide synthase with the involvement of L-arginine, oxygen (O 2 ), NADPH and tetrahydrobiopterin. NO is a very important mediator of many biological processes, e.g. it is involved in killing microorganisms, parasites and cancer cells. NO and arginine are responsible for the defense of the host against G. intestinalis infection. NO inhibits encystation of trophozoites and excystation of G. intestinalis cysts. The parasite defends itself by inhibiting NO production in intestinal epithelial cells using arginine which is the basic substrate in NO production [14] . Ringqvist et al. [15] reported a study with recombinant arginine deiminase, in which proteins secreted by Giardia could impair innate immune mechanisms, e.g. NO production, whereas a direct contact of Giardia with intestinal epithelial cells leads to the release of enzymes by the parasite, which facilitate intestinal colonization.
We found that parasitic infection stimulated NO production, which was not reduced even by the antiparasitic treatment applied. Eckmann et al. [16] described the cytotoxic and cytostatic actions of NO on G. intestinalis trophozoites in in vitro conditions. The increased NO production can successively reduce the T T T T Table 1 . able 1. able 1. able 1. able 1. Concentrations of chosen parameters assessing the immune response in patients infected with G. intestinalis prior to treatment (G1), two weeks after termination of antiparasitic treatment (G2) and in a control group (C). Statistical analysis was performed in examined groups. Values of p < 0.05 were considered to be significant P P P P Parameters arameters arameters arameters arameters Study subgroup G1 Study subgroup G1 Study subgroup G1 Study subgroup G1 Study subgroup G1 Study subgroup G2 Study subgroup G2 Study subgroup G2 Study subgroup G2 Study subgroup G2 Control group C Control group C Control group C Control group C Control group C p p p p p n = 62 X ± SD n = 62 X ± SD n = 62 X ± SD n = 62 X ± SD n = 62 X ± SD n = 25 X ± SD n = 25 X ± SD n = 25 X ± SD n = 25 X ± SD n = 25 X ± SD n = 40 X ± SD n = 40 X ± SD n = 40 X ± SD n = 40 X ± SD n = 40 X ± SD www.fhc.viamedica.pl number of parasites, and the balance maintained between NO and pro-and anti-inflammatory cytokines definitely determines morbidity and the efficacy of the immune response [17] . In addition to NO, the action of bactericidal proteins, such as alpha-defensins or lactopherin produced in the alimentary tract, is another important mechanism involved in the immunological fight against the parasite [18, 19] .
In the current study, in the course of giardiosis, the level of IL-13 increased statistically significantly (six-fold) as compared to that observed in healthy subjects. IL-13 is known to increase antiparasitic immunity and IgE production, at the same time decreasing secretion of proinflammatory cytokines such as IL-6, TNF, IL-1, IL-8 and inhibiting ADCC. This may be why the level of IL-6 assessed in the course of giardiosis was statistically lower compared to the values obtained in the control group. Many authors have indicated the changes in the levels of immunological indices in parasitic invasions, e.g. the observed increase in IL-5 characteristic of parasitosis [9] . Research previously performed by the authors on patients infected with G. lamblia demonstrated a statistically significant increase in the concentration of IL-5 [20] . In the course of acute form of Schistosoma mansoni infection, both the level of IL -5 and that of IFN-g showed a marked rise [21] . Brattig et al. [11] revealed an increase in IL-5 and IL-13 in response to administration of the extract of soluble antigen of Onchocerca volvulus. The early stage of Onchocerca volvulus infection described by Cooper et al. [22] caused increased production of IL-5 and IFN-g.
Ajdary et al. [23] in patients chronically infected with Leishmania (but untreated) observed a statistically significant increase in the levels of IL-5, IFN-g and IL-13 produced by peripheral blood mononuclear cells (PBMC) in in vitro conditions. These findings suggest the occurrence of mixed type Th1/Th2 response. However, patients with acute disease showed Th1 response, which was indicated by increased concentration of IFN-g and low levels of IL-5 and IL-13.
Ishikawa et al. [24] described experimental infection of mice with roundworms: Trichinella spiralis and Nippostrongylus brasiliensis, in response to which cytokines (among others IL-5 and IFN-g) released from Th1 and Th2 cells are involved. IFN-g produced by activated Th1 cells shows a suppressive action on the synthesis and release of IgE. By inducing the production of reactive oxygen and secretion of hydrogen peroxide, IFN-g stimulates intracellular killing of parasites by macrophages [25] . Touil-Boukoffa et al. [26] have revealed that the defense mechanisms in the course of echinococcosis involve, apart from IFN-g, also IL-6. A study conducted by Ajami and Rafiei [27] in patients infected with Hymenolepis nana showed an increase in the levels of IL-5, IL-12, IL-13 and IFN-g. We found elevated levels of IL-13 and IFN-g in patients infected with G. intestinalis. Th1 lymphocytes produce IFN-g, which inhibits proliferation and the action of Th2 cells, and assist in the cellular type response. Th2 lymphocytes generate IL-4, IL -5, IL-6, IL-10 and IL-13, and promote the humoral response.
Elevated levels of IL-6 are observed in the course of many parasitoses due to accompanying inflammation. IL-6 is a sensitive and early, though nonspecific, marker of inflammatory reaction [28] . It exerts a pyrogenic effect, together with IL-1, TNF and IFN, by elevating body temperature and stimulating the production of prostaglandins [26] . We found no increase in the level of C-reactive protein in giardiosis, despite the fact that IL-6 stimulates the production of acute phase proteins (data not shown). However, the antiparasitic treatment in patients infected with G. intestinalis caused a statistically significant increase in the level of IL-6, but had no effect on IL-5.
Bayraktar et al. [29] have shown that G. intestinalis infection causes an increase in the levels of TNF and sIL-2R. However, a rise was observed in the levels of IL-1b, IL-6, IL-8, NO and CRP when allergic symptoms accompanied parasitosis [30] . In our study, an increase was found in NO only, but there were no symptoms of allergy and the levels of IL-6 and CRP were not elevated. According to Zhou et al. [31] , IL-6 and TNF have a great effect on G. intestinalis invasion in mice. These are proinflammatory cytokines which in the course of Giardia infection increase intestinal epithelial permeability. In our study, the level of TNF was slightly elevated (both before and after treatment) and showed minimal statistically insignificant differences as compared to the values obtained in healthy subjects. The production and release of TNF are stimulated by lipopolysaccharide and IFN-g, whereas IL-13 is one of the inhibitors of its secretion. TNF and IFN-g enhance the expression of inducible nitric oxide synthase, and increased NO secretion leads to parasite eradication. If IL-13 inhibits TNF secretion, then NO generation can only be increased by IFN-g.
Our own investigations, as well as literature data, indicate the occurrence of the immune and inflammatory responses in the course of parasitic invasions, when IFN-g, TNF, IL-1b, IL-5 and IL-13 are released [8, 23] . Our findings may suggest that G. intestinalis infection is not accompanied by acute inflammatory state. The current study seems to confirm the occurrence of both Th1 and Th2 response in giardiosis. This parasitic invasion is accompanied by chronic inflammation and the antiparasitic treatment applied seems to cause an increase in the level of IL-6, but does not affect the other parameters.
Conclusions

Conclusions Conclusions Conclusions Conclusions
An increased level of nitric oxide in the course of giardiosis seems to confirm its involvement in the regulation of immune response. Increased levels of IL-13 and IFN-g in the course of giardiosis indicate substantial immunization of the host organism. Antiparasitic treatment in giardiosis does not lead to normalization of the parameters studied. R R R R References eferences eferences eferences eferences
